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(54) EXHAUST EMISSION CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINES 



(57) In an electrically heated catalyst support, when 
necessary, reinforcing layers are formed on the inner 
circumference and the outer circumference of a honey- 
comb body On an end surface of the honeycomb body 
on the downstream side of exhaust gas, there are pro- 
vided a plurality of insulating ceramic bars on the outer 
circumferential layer and/or the inner circumferential 
layer in such a manner that the insulating ceramic bars 
cross a non-reinforcing layer of the honeycomb body. 
End portions of the ceramic bars are held on the rein- 
forcing layer by pins or a ring-shaped holding member 
joined to an external metallic cylinder. Due to the fore- 
going arrangement, telescoping of the honeycomb body 
in the direction of gas flow and damage of the metallic 
foil can be prevented without obstructing the generation 
of heat when electricity is supplied Accordingly, durabil- 
ity of the catalyst support can be remarkably enhanced 
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Description 

TECHNICAL FIELD 

The present invention relates to a device for purify- ? 
mg the exhaust gas of an internal combustion engine 
More particularly, the present invention relates to an 
electrically heated catalyst device, the catalyst support 
of which is composed of a metallic honeycomb body 
and the temperature of the catalyst support can be k 
raised to a catalyst activating temperature in a short 
period of time when heat is generated by supplying 
electricity 

BACKGROUND ART 15 

Exhaust gas discharged from an internal combus- 
tion engine incorporated into a vehicle contains harmful 
chemical substances such as HC (hydrocarbon), CO 
(carbon monoxide) and NO x (nitrogen oxides). There- 20 
fore, conventionally, a catalyst converter used as an 
exhaust gas purifying device is arranged in an exhaust 
gas passage of the internal combustion engine. How- 
ever, it is known that a rate of purification of a three-way 
catalyst used for the catalyst converter to purify the 25 
harmful substances contained in exhaust gas is low 
when the catalyst temperature is low, that is, when the 
catalyst is in an inactive condition. Accordingly, the con- 
ventional catalyst converter is disadvantageous in that 
exhaust gas can not be sufficiently purified when the 30 
catalyst is in an inactive condition immediately after the 
internal combustion engine has been started. 

In order to solve the above problems, there is pro- 
posed an exhaust gas purifying device having an elec- 
trically heated catalyst device in which the catalyst 35 
support is made of metal and this metallic catalyst sup- 
port is heated to a catalyst activity temperature (300 to 
400°C) in a short period of time by supplying electricity 
when the internal combustion engine is started or the 
catalyst is in an inactive condition due to a low temper- 4c 
ature. 

As shown in Fig. 29, the exhaust gas purifying 
device is composed as follows. There is provided an 
external metallic cylinder 1 connected to the exhaust 
gas passage of an internal combustion engine. In the 4C-. 
external metallic cylinder 1 , there are provided an elec- 
trically heated catalyst support 2, which is heated by 
supplying electricity, and a main catalyst support 3. 
wherein the electrically heated catalyst support 2 and 
the main catalyst support 3 are arranged in series at a so 
predetermined interval In the electrically heated cata- 
lyst support 2, there is provided a central electrode 6 
and an electrode section 8A of this central electrode 6 is 
led to the outside of the external metallic cylinder 1 
Between this electrode section 8A and an external elec- 55 
trode 8B attached to a portion of the external metallic 
cylinder 1, there is arranged a battery 9 and a switch 
SW When this switch SW is turned on, an electric cur- 
rent is fed to the electrically heated catalyst support 2 to 
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be heated, so that heat is generated in the catalyst sup- 
port 2 

As shown in Fig. 30(a), the electrically heated cata- 
lyst support 2 is composed as follows A sneet of metal- 
lic foil 4 formed into a corrugated form, which will be 
referred to as a corrugated foil 4 hereinafter in this spec- 
ification, and a flat sheet of metallic foil 5. which will be 
referred to as a flat foil 5 hereinafter in this specification, 
are put on each other, and the respective longitudinal 
end portions of the corrugated foil 4 and the flat foil 5 are 
joined and wound around the central electrode 6 while 
they are put on each other, so that a spinally-shaped 
metallic foil laminated body, which is referred to as a 
honeycomb body, can be formed In general, these co\ 
lugatedfoil 4 and flat foil 5 aie made of alloy of iron con- 
taining aluminum, for example, the composition is 
20%Cr - 5%A! - 75%Fe. and the thickness of the foil is 
approximately 50 um. 

Fig. 30(b) is a view showing one end face of the 
honeycomb body 7 composed of the metallic corru 
gated foil 4 and the flat foil 5. In honeycomb body 7, the 
corrugated foil 4 and the flat foil 5 are put on each other 
and wound round the central electrode 6. As a result, 
around the central electrode 6, there are formed a large 
number of spiral passages P in the axial direction 
formed by clearances between the corrugated foil 4 and 
the flat foil 5 of the honeycomb body 7. On the surfaces 
of the corrugated foil 4 and the flat foil 5, exhaust gas 
purifying catalysts are supported. Due to the above 
structure, when exhaust gas flows in the above pas- 
sages P under the condition that the switch SW shown 
in Fig. 29 is turned on and the honeycomb body 7 is fed 
with an electric current so that the catalyst temperature 
is raised to a temperature of catalyst activity, the harm- 
ful components contained in exhaust gas come into 
contact with the catalyst, so that the exhaust gas can be 
purified. 

In the exhaust gas purifying device composed in 
the above manner, by the influence of exhaust gas of 
high temperature flowing at high speed in the exhaust 
gas passage, and also by the influence of a heat cycle 
produced by the internal combustion engine which 
starts and stops, and also by the influence of vibration 
transmitted from the engine and the vehicle body to the 
catalyst, slippage is caused between the corrugated foil 
4 and the flat foil 5 of the honeycomb body 7. This slip- 
page will be referred to as "telescoping" in this specrfi 
cation, hereinafter. Further, the corrugated foil 4 and the 
flat foil 5 of the honeycomb body 7 are damaged. In this 
way, there is a possibility that the function of the electri- 
cally heated catalyst support is deteriorated 

In order to prevent the occurrence of telescoping 
between the corrugated foil 4 and the flat foil 5, and also 
to prevent the occurrence of damage of the corrugated 
foil 4 and the flat foil 5, for example, as shown in Fig 32, 
British Patent Publication No. 1 452982 discloses the to! 
lowing honeycomb body holding structure An end face 
of the honeycomb body 7 on the downstream side of 
exhaust gas is supported by a cross-shaped metallic 
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bar 70 which crosses an end face of the honeycomb 
body 7 in a contact condition, and an end portion of this 
metallic bar is fixed onto the external cylinder 1 

However, when the above honeycomb body holding 
structure is applied to an electrically heated metallic cat- 5 
alyst converter, the following problems may be encoun- 
tered. When the honeycomb body 7 is energized with 
an electric current, the electric current bypasses the cat- 
alyst support and flows to the metallic bar 70, so that the 
heat generating efficiency of the honeycomb body 7 in ic 
the electric passage is greatly lowered and the function 
of the electrically heated catalyst support is deterio- 
rated. Further, when a difference of temperature 
between the metallic bar 70 and the externa! metallic 
cylinder 1 is large, that is, when a difference of the thei- is 
mal expansion coefficient between the metallic bar 70 
and the external metallic cylinder 1 is large, the catalyst 
converter tends to be damaged. 

On the other hand, Japanese Unexamined Patent 
Publication No. 5-269389 discloses an electrically 20 
heated catalyst device in which an end face of the hon- 
eycomb body on the downstream side is supported by 
one support bar covered with an electrically insulating 
strip, and this support bar is welded to an outside metal- 
lic housing (external cylinder). 25 

However, this converter device is disadvantageous 
in that a welding portion between the support bar and 
the outside housing tends to be damaged by a differ- 
ence of temperature and also by a difference of the ther- 
mal expansion coefficient. Further, there is a possibility 30 
of occurrence of telescoping of the honeycomb body in 
a portion not supported by the support bar. 

In the above catalyst device, the following problems 
may be also encountered. In an exhaust gas purifying 
device in which a main metallic catalyst support is 35 
arranged on the downstream side of exhaust gas of the 
electrically heated catalyst, in order to enhance the 
warm-up property of the main catalyst support, the elec- 
trically heated catalyst support and the mam catalyst 
support are located as closely as possible to each other 40 
so that heat can be effectively transmitted from the elec- 
trically heated catalyst support to the main catalyst sup- 
port. In the above case, there is a possibility that the 
fixing pin to fix the support bar comes into contact with 
the main catalyst support, and the electrically heated 45 
catalyst is short-circuited, so that the heating perform- 
ance of the electrically heated catalyst support is 
affected 

As described above, any conventional honeycomb 
body holding structure has a shortcoming Therefore, sc 
the conventional honeycomb body holding structure is 
not appropriate for holding a honeycomb body of an 
electrically heated metallic catalyst carrier 

It is an object of the present invention to provide an 
electrically heated metallic catalyst in which the afore- 55 
mentioned problems of the conventional honeycomb 
body holding structure are not caused 

In other words, an object of the present invention is 
to provide an electrically heated catalyst device charac- 



terized in that: the occurrence of telescoping of the elec- 
trically heated catalyst support is prevented; the weight 
of the holding structure o^ the electrically heated cata- 
lyst support is not extremely increased, and there is no 
possibility of damage of the supporting bar and the sup- 
porting bar holding member, which tends to be caused 
by a difference of the thermal expansion coefficient in 
the operation of an engine after the electrically heated 
catalyst device has been incorporated into a vehicle, 
whereby the durability can be enhanced 

It is another object of the present invention to pro- 
vide an exhaust gas purifying device in which the warm- 
up property can be enhanced by arranging the electri- 
cally heated catalyst support as closely as possible to 
the main catalyst support made of metal, without caus- 
ing a short-circuit 

SUMMARY OF THE INVENTION 

In order to accomplish the above objects, the 
present invention is to provide an electrically heated 
catalyst device used for an exhaust gas purifying device 
of an internal combustion engine, into which an electri- 
cally heated catalyst support and a main catalyst sup- 
port are incorporated, the electrically heated catalyst 
device comprising; a plurality of electrically insulating 
ceramic bars arranged on an end face of an electrically 
heated catalyst support on the downstream side of 
exhaust gas flowing in the electrically heated catalyst 
support, wherein both end portions of the ceramic bars 
are held at the outer circumferential portions of the elec- 
trically heated catalyst support. 

According to the present invention, electrically insu- 
lating ceramic bars, the principal component of which is, 
for example, nitrogen silicon or alumina, are arranged 
crossing an end face of a catalyst support on the down- 
stream side of exhaust gas so that a substantially cen- 
tral portion between a center of the honeycomb body 
and an outer metallic cylinder on the end face of the cat- 
alyst support on the downstream side of exhaust gas 
can be supported by the ceramic bars. A plurality of 
ceramic bars are symmetrically arranged round the 
center of the honeycomb body. 

Due to the above structure, the occurrence of tele- 
scoping of the catalyst support can be effectively pre- 
vented 

Both end portions of the ceramic bars are held by 
pins fixed to the catalyst support or holding portions of a 
ring-shaped holding member fixed to the external metal- 
lic cylinder at positions close to the outer circumferential 
portion of the electrically heated catalyst support Due 
to the foregoing, even when the honeycomb body is 
deformed by the influence of thermal expansion or cool- 
ing contraction, only the holding portion is deformed 
and moved Therefore, stress is not given to the ceramic 
bars, so that damage is not caused between the honey- 
comb body and the ceramic bars. Accordingly, it is pos- 
sible to enhance the durability of the electrically heated 
catalyst support 
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When an elastic member is arranged between the 
ceramic bar and the holding portion of a ring-shaped 
holding member, the elastic member absorbs a differ- 
ence of thermal expansion between them Therefore 
damage of the ceramic bar can be effectively prevented 5 
by the elastic member 

Further, at both end portions of the ceramic bar on 
the face in the downstream of exhaust gas, there is pro- 
vided a recess or a through-hole, and a pin is inserted 
into this recess or the through-hole, and a head portion 10 
of the pm is set to be lower than the surface of the 
ceramic bar, and further an end portion of the pin is 
fixed to the electrically heated catalyst support. Due to 
the foregoing structure, an end face of the catalyst sup- 
port in the downstream of exhaust gas can be held by 15 
the ceramic bars, and the main catalyst support can be 
arranged at a position where an end face of the main 
catalyst support in the upstream of exhaust gas is con- 
tacted with an end face of the ceramic bar in the down- 
stream of exhaust gas. Due to the above structure, it is 20 
possible to quickly raise the temperature of the main 
catalyst support without damaging the head portion of 
the pin. 

When the main catalyst support is arranged adja- 
cent to the electrically heated catalyst support in an 25 
electrically insulating condition and the pins to hold the 
ceramic bars are inserted into and fixed to the main cat- 
alyst support, in addition to the aforementioned effect, it 
is possible to provide the effect that the intensity of a 
load given to the pins can be reduced and the size of the 30 
pins can be further reduced. Furthermore, the heat 
capacity of the pin itself can be reduced, so that the 
speed of the increase in temperature of the main cata- 
lyst support can be further increased. Furthermore, 
since the size of the pin is reduced, the weight of a vehi- 35 
cle is reduced, and it is possible to tower the manufac- 
turing cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1(a) is a plan view of the electrically heated cat- 
alyst device of an example of the present invention. 

Fig. 1(b) is a cross-sectional view taken on line I - I 
in Fig. 1(a) 

Fig. 2 is an assembling perspective view for 45 
explaining a state in which a honeycomb body is 
mounted on a holding member and ceramic bars of the 
example shown in Fig. 1 . 

Fig. 3(a) is a cross-sectional view taken on line II - 
II in Fig. 1(b). 50 

Fig 3(b) is a partially enlarged view showing the 
structure of an elastic member shown in Fig 3(a) 

Fig 3(c) is a partially cross-sectional view showing 
another example of the portion A shown in Fig. 3(a) 

Fig 4 is a cross-sectional view showing a structure 55 
of the electrically heated catalyst device of another 
example of the present invention. 

Fig 5(a) is a cross-sectional view showing a struc- 
ture of the electrically heated catalyst device of another 
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example of the present invention 

Fig 5(b) is a cross-sectional view of a ring-shaped 
holding portion for explaining a manufacturing method 
of the holding member shown in Fig 5(a) 

Fig 6 is an assembling perspective view for 
explaining a state in which ceramic bars are attached to 
the ring holding member shown in Fig 5(a) via elastic 
members 

Fig. 7 is a cross-sectional view showing a structure 
of the electrically heated catalyst device on another 
example of the present invention. 

Fig. 8(a) is a plan view showing a shape of the ring 
holding member shown in Fig. 8(a). 

Fig 8(b) is a cross-sectiona! view taken on line III - 
III in Fig. 8(a). 

Fig. 8(c) is a peispective view of the ring-shaped 
holding member shown in Fig. 8(a). 

Fig 9 is an assembling perspective view for 
explaining a structure of the ring-shaped holding mem- 
ber in the electrically heated catalyst device of another 
example of the present invention and also for explaining 
a state in which the ceramic bars are attached to the 
ring-shaped holding member via the elastic members. 

Fig 10(a) is a bottom view on the downstream side 
of exhaust gas showing an example of the ceramic bar 
holding structure of the electrically heated catalyst sup- 
port of another example of the present invention. 

Fig. 10(b) is a cross-sectional view taken on line IV 

- IV in Fig. 10(a). 

Fig. 1 1(a) is a bottom view of the downstream side 
of exhaust gas showing an example of the ceramic bar 
holding structure of the electrically heated catalyst sup- 
port of still another example of the present invention. 

Fig. 1 1(b) is a perspective view showing an engag- 
ing condition of the ceramic bars and the ring-shaped 
holding section illustrated in Fig. 1 1(a). 

Fig. 1 1(c) is a plan view showing an engaging con- 
dition of the ceramic bars and the ring-shaped holding 
section of still another example of the present invention. 

Fig. 1 1(d) is a cross-sectional view taken on line IV 

- IV in Fig. 11(c). 

Fig. 12(a) is a plan view of the electrically heated 
catalyst support showing an example of the joint section 
arrangement and the reinforcing layer arrangement to 
form an electrically heated section 

Fig. 12(b) is a partially cross-sectional front view 
showing an example of the structure of the reinforcing 
layer. 

Fig. 12(c) is a partially enlarged plan view o1 the 
reinforcing layer. 

Fig 13(a) is a cross-sectional front view of the 
exhaust gas purifying device of an example of the 
present invention 

Fig. 13(b) is a cross-sectional front view of the 
exhaust gas purifying device of still another example of 
the present invention. 

Fig. 1 4 is a cross-sectional front view of the exhaust 
gas purifying device of an example of the present inven- 
tion 
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Fig. 15(a) is a bottom view on the downstream side 
of exhaust gas of the electrically heated catalyst sup- 
port shown in Fig 14 

Fig 15(b) is a cross-sectional view taken on line V - 
V in Fig. 15(a). 

Fig 15(c) is an enlarged schematic illustration 
showing an outline of the section B in Fig 15(a). 

Fig. 15(d) is a partially enlarged view showing an 
example of fixing the end portion of the ceramic bars, 
the U-shaped pin and the reinforcing layer ic 

Fig. 15(e) is a cross-sectional view taken on line VI 
-VI in Fig. 15(d). 

Figs. 16(a) to 16(e) are bottom views on the down- 
stream side of exhaust gas showing examples of the 
arrangement of ceramic bais of the electrically heated is 
catalyst support of the present invention 

Fig, 1 7 is a cross-sectional front view of the exhaust 
gas purifying device of the internal combustion engine 
of still another example of the present invention. 

Fig. 18 is an assembly perspective view for explain- 20 
ing the assembly of the electrically heated device com- 
posing the exhaust gas purifying device shown in Fig. 
17. 

Fig 19 is a partially enlarged cross-sectional view 
taken on line VII - Vlf in Fig 17 25 

Fig. 20 is a cross-sectional front view of the exhaust 
gas purifying device of still another example of the 
present invention 

Fig. 21 is a cross-sectional front view of the exhaust 
gas purifying device of still another example of the 30 
present invention. 

Fig. 22 is a cross-sectional front view of the exhaust 
gas purifying device of still another example of the 
present invention. 

Figs. 23(a) to 23(d) are views showing examples of 35 
the pins used for the exhaust gas purifying devices of 
the examples shown in Figs. 17 and 20 to 22 

Fig. 24 is a cross-sectional front view of the exhaust 
gas purifying device on still another example of the 
present invention. 40 

Fig. 25(a) is an assembling perspective view for 
explaining a state in which the ceramic bar and the pins 
are attached to each other 

Fig. 25(b) is a partially enlarged cross-sectional 
view taken on line VIII - VIII in Fig. 24 45 

Fig. 26 is a cross-sectional front view of the exhaust 
gas purifying device of still another example of the 
present invention 

Figs. 27(a) to 27(d) are views showing examples of 
the pins used for the exhaust gas purifying device so 
shown in Figs 24 and 26 

Fig 28 is an assembling perspective view showing 
still another example of the ceramic bar and the pins 
used for the exhaust gas purifying device shown in Figs 
24 and 26 55 

Fig 29 is a cross- sectional front view showing an 
example of the structure of the conventional exhaust 
gas purifying device. 

Fig 30(a) is a partially perspective view for explain- 
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ing a method of forming a well-known honeycomb body 
Fig. 30(b) is a plan view showing an outline of the 
end face of the honeycomb body wound by the forming 
method shown in Fig 30(a) 

Fig 31(a) is a partially perspective view for explain- 
ing a method of forming another well known honeycomb 
body. 

Fig 31(b) is a plan view showing an outline of the 
end face of the honeycomb body formed by the forming 
method shown in Fig. 31(a). 

Fig. 32 is a bottom view of the electrically heated 
catalyst device showing an example of the structure of 
holding a honeycomb body of a well-known catalyst 
support. 

MOST PREFERRED EMBODIMENT 

Referring to the accompanying drawings, the most 
preferred embodiment of the present invention will be 
explained as follows. In the*following explanations of the 
exhaust gas purifying device, like reference characters 
are used to indicate like parts in Figs. 29 to 32. 

Fig. 1 (a) is a plan view of the electrically heated cat- 
alyst device 1 0 of an example of the present invention in 
which a ring-shaped holding member is used Fig. 1(b) 
is a vertical cross-sectional view taken on line I - 1 in Fig. 
1(a). Fig. 2 is an assembling perspective view for 
explaining the holding structure of the electrically 
heated catalyst support shown in Fig. 1. Fig. 3(a) is a 
horizontal cross-sectional view taken on line II - II in Fig. 
1(b). 

As shown in Figs. 1(a) and 1(b), the honeycomb 7 
composed of the corrugated foil 4 and flat foil 5 
explained in Fig. 30 is inserted into the external metallic 
cylinder 1 of the electrically heated catalyst device 10A 
At the center of the honeycomb body 7, there is 
arranged a central electrode 6. This central electrode 6 
is connected to the electrode section 8A, which is 
arranged on an outer circumferential surface of the 
external metallic cylinder 1 , via the lead section 6A. In 
this example, a peripheral portion on the lower end face 
of the honeycomb body 7 is cut away as shown in Fig 
1(b). Therefore, a ring-shaped cut-away portion 14 is 
formed in the honeycomb body 7. This cut-away portion 
1 4 is used as an attaching space in which a ring-shaped 
holding member 20 described later is attached 

On the other hand, the external metallic cylinder 1 
is extended to a position more distant from the attaching 
portion of the honeycomb body 7 in the downstream 
direction of the flow of exhaust gas In this extending 
section 11, there are provided a ceramic bar 22. which 
is used as an insulating retainer of the honeycomb body 
7, and a ring-shaped holding member 20 for holding the 
ceramic bar. As shown in Fig 2. the ring-shaped holding 
member 20 is composed of a metallic cylinder 12 made 
of a thin metallic sheet. An outside diameter of the 
metallic cylinder 12 is determined to be a value at which 
the metallic cylinder 12 comes into contact with the 
inside of the external metallic cylinder 1 On the upper 
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end side of this metallic cylinder 12, there are formed 
four holding sections 21 

In this example, the holding sections 21 are formed 
by means of preventing processing on the outer circum- 
ferential surface of the metallic cylmdei 12 Each hold- 5 
ing section 21 is formed into a cylindrical shape 
protruding inside from the metallic cylinder 12. Two of 
the four holding sections 21 are opposed to each other 
interposing an inner space of the metallic cylinder 12 in 
such a manner that the two holding sections 21 are con- k 
tmuously located on the same axis These two sets of 
holding sections 21, which are opposed to each other, 
are located symmetrically to each other with respect to 
the center line CL which passes through the center of 
the metallic cylinder 12 as shown in Fig. 3{a). is 

Between the holding sections 21 of the metallic cyl- 
inder 12 which are opposed to each other as described 
above, there are arranged ceramic bars 22 via the elas- 
tic members 23. The shape of this ceramic bar 22 is 
columnar as shown in Fig. 2, and a plane 22A of a pre- 20 
determined length is formed at the center of the ceramic 
bar 22. This plane 22 A is formed for the purpose of set- 
ting a bottom surface 15 of the honeycomb body 7. The 
two-dotted chain line shown in Fig 3(a) indicates a posi- 
tion at which the bottom surface 1 5 of the honeycomb 25 
body 7 is set. The length of the plane 22A is determined 
to be an appropriate value to set the bottom surface 15 
of the honeycomb body 7 on the plane 22A stably. The 
ceramic bar 22 is arranged at a position where a sub- 
stantially central portion of the honeycomb body 7 30 
between the central electrode and the external metallic 
cylinder is supported by the ceramic bar 22. 

The elastic member 23 is composed in such a man- 
ner that, for example, thin heat-resistant metallic wires, 
the diameter of which is 0.1 to 0.5 mm, are knitted, and 35 
the thus knitted metallic wires are gathered and formed 
into a predetermined shape of a predetermined density 
by means of press forming using a press die. In this 
example, the elastic member 23 is formed into a cylin- 
drical shape as shown in Fig. 2. In the process of form- 4c 
ing, when the elastic member 23 is not given a force 
from the outside, the maximum diameter (the outer 
diameter) of the elastic member 23 is determined to be 
a value higher than the inner diameter of the holding 
section 21 . The minimum diameter (the inner diameter) 45 
of the elastic member 23 is determined to be a value 
lower than the outer diameter of the ceramic bar 22 
When a force is given to the elastic member 23 from the 
outside, the maximum and the minimum diameter of the 
elastic member 23 are changed These elastic mem- sc 
bers 23 are fitted to both ends of the ceramic bar 22 
while the minimum diameter is expanded The ceramic 
bar 22. to both ends of which the elastic members 23 
have been fitted, is arranged between the holding sec- 
tions 21 , which are opposed to each other, while these 55 
elastic members 23 are compressed 

When the ceramic bar 22 is actually arranged 
between the holding sections 21 opposed to each other 
first, the ceramic bar 22 is arranged between the hold- 
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mg sections 21 , and then the elastic members 22 are fit- 
ted to both ends of the ceramic bar 22 while the elastic 
members 22 are being compressed 

As described above, the ring-shaped holding mem- 
ber 20 is composed in such a manner that the ceramic 
bar 22 is arranged between the holding sections 21, 
which are opposed to each other, via the elastic mem- 
bers 23 in the metallic cylinder 12. The thus composed 
ring-shaped holding member 20 is inserted into the 
external metallic cylinder 1 from the side of the extend- 
ing section 11 as shown in Fig. 1(b). Then, the ring- 
shaped holding member 20 is fixed under the condition 
that the plane 22A of the ceramic bar 22 comes into 
contact with the bottom surface 15 of the honeycomb 
body 7. Undei the above condition, the ceiamic bar 22 
functions as a retainei to pi event the occurrence of tel- 
escoping of the honeycomb body 7, and this ceramic 
bar is held by the ring-shaped holding member 20. 

When a flange section 21 A is formed at the end of 
the holding section 21 in the metallic cylinder 12 as 
shown in Fig. 3(c), there is no possibility that the elastic 
member 23 is disconnected from the holding section 21 
into the metallic cylinder 1 2. In this example, two sets of 
holding sections 21, which are opposed to each other, 
are formed in the metallic cylinder 12, and the ceramic 
bar 22 is arranged to each set of holding sections 21 via 
the elastic members 23. However, it should be noted 
that the number of sets of holding sections 21 is not lim- 
ited to two, that is, the number of ceramic bars 22 is not 
limited to two. 

In the example described above, the honeycomb 
body 7 can be held by one assembling body composed 
of the metallic cylinder 12, the ceramic bar 22 and the 
elastic members 23. Accordingly, it is possible to pro- 
vide the following effects 

(1) Reliability can be ensured when the assembling 
body is incorporated into the external cylinder 1 1 . 
Therefore, labor can be saved in the manufacturing 
process. Accordingly, the manufacturing cost of the 
electrically heated catalyst device can be reduced. 

(2) The area of the holding section 21 formed in the 
metallic cylinder 12 by means of preventing 
processing is larger than the area of the holding 
surface of a simple hole Therefore, it is possible to 
prevent the ceramic bar 22 from being discon- 
nected from the holding section, and it is also pos- 
sible to prevent the abrasion of the holding section 
21. 

(3) Since the ceramic bar 22 is arranged inside the 
external metallic cylinder 1, no exhaust gas leaks 
outside from the insertion holes of the ceramic bars 
22 Accordingly, it is not necessary to provide a 
specific member to be used for preventing the leak- 
age of exhaust gas 

(4) The elastic member 23 reduces a deformation 
of the metallic cylinder 12 caused by a change in 
temperature. Also, the elastic member 23 reduces a 
force given to the ceramic bar 22 which is caused 
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by strain originated from a change in temperature 
Therefore damage to the ceramic bar 22 can be 
prevented 

(5) The elastic membei 23 absorbs a thermal 
expansion of the hole of the holding section 21 5 
Accordingly, even when the temperature is 
changed, the ceramic bar 22 can be tightly fitted in 
the hole of the holding section 21 

(6) Since the elastic membei 23 is attached to the 
holding section 21 under the condition of compres- n- 
sion, it is possible to increase the dimensional toler- 
ance of the hole formed in the holding section. 
Accordingly the manufacturing cost of the ring- 
shaped holding member 20 can be reduced 

(7) When the ring-shaped holding member 20 to ie 
which the ceramic bar 22 is attached is arranged on 

the downstream side of the honeycomb body 7 in 
the external metallic cylinder 1, it is possible for the 
elastic member 23 to keep a contact surface pres- 
sure generated between the honeycomb body 7 20 
and the ceramic bar 22 within a predetermined 
range. Accordingly, the assembling tolerance can 
be absorbed. 

(8) When the flange portion 21 A is formed in the 
holding section 21 , it is possible to prevent the eias- 25 
tic member 23 from being disconnected from the 
holding section 21 

The electrically heated catalyst device described 
above is used being combined with the main catalyst 30 
device. 

Fig. 4 is a cross-sectional view showing a structure 
of the electrically heated catalyst device 10B of another 
example of the present invention. That is, Fig. 4 is a 
view showing a variation of the electrically heated cata- 35 
lyst device 10A shown in Fig. 1. 

In the electrically heated catalyst device 10B 
described above, the skirt portion on the downstream 
side of the exhaust gas flow of the metallic cylinder 12, 
composed in the same manner as that of the example 40 
shown in Fig. 1 , is formed as an extending section 12E 
which is extended exceeding the extending section 1 1 
of the external metallic cylinder 1 . The main catalyst 
device 30 is composed in such a manner that the main 
catalyst support 3 is arranged in this extending section 45 
1 2E under the condition that the mam catalyst support 3 
is adjacent to the honeycomb body 7. 

When the main catalyst support 3 is arranged in the 
extending section 12E of the metallic cylinder 12, the 
ring-shaped holding section 20 is integrated with the so 
main catalyst device located on the downstream side 
Therefore, welding portions can be avoided when the 
electrically heated catalyst device 1 0A shown in Fig 1 is 
connected with the main catalyst device Due to the 
foregoing, the reliability of the exhaust gas purifying 55 
device can be ensured, and further the manufacturing 
cost can be reduced Since the mam catalyst support 3 
is arranged close to the honeycomb body 7 which is 
electrically heated, the warm-up property of the main 



catalyst support 3 can be enhanced 

Fig 5(a) is a cross-sectional view showing an 
arrangement of the electrically heated catalyst device 
10C of still another example. In this example the shape 
of the holding section 24 formed in the metallic cylinder 
12 composing the ring-shaped holding member 20 is 
not cylindrical but it is formed into a semi-circular gutter- 
shape as illustrated in Fig. 6 Consequently, the ring- 
shaped cut-away section 14 is not formed on the lower 
end face of the honeycomb body 7 In accordance with 
the semi-circular gutter-shape of the holding section 24, 
the shape of the elastic member 25 inserted into the 
holding section 24 is also formed into a semi-circular 
gutter-shape, that is, a shape of a split cylinder The 
shape of the ceramic bar 26 is formed as follows. The 
shape of the ceramic bar 26 on the downstream side of 
exhaust gas ts formed into a semi-circular curved sur- 
face 26A, and the shape of the ceramic bar 26 on the 
upstream side of exhaust gas is formed into a plane 
26B. 

The ring-shaped holding member 20 having the 
gutter-shaped holding sections 24 illustrated in Fig. 6 
can be made as follows. For example, as shown in Fig. 
5(b), the outer circumferential surface is subjected to 
preventing processing at a position located in such a 
manner that the distances from both end portions to the 
position can be the same, so that the cylindrical holding 
sections 21 protruding inside the metallic cylinder 12 
can be formed. This metallic cylinder 12 is split into two 
portions along a line P - P which is parallel to both end 
surfaces of the metallic cylinder 12, and this line P - P 
passes through a position located in such a manner that 
the distances from both end faces to the position can be 
the same. 

In this electrically heated catalyst device 10C, the 
gutter-shaped elastic members 25 are attached to all 
holding sections 24 of the metallic cylinder 12 shown in 
Fig. 6 while the gutter-shaped elastic members 25 are 
compressed. After that, the curved surfaces 26A at both 
end portions of the ceramic bar 26 are respectively 
pushed into the recesses 25A of the elastic members 25 
which are opposed to each other. In this way, the 
assembling body to hold the honeycomb body 7 can be 
obtained. 

As described above, the holding member 20 is 
composed tn such a manner that the holding sections 
24 are formed in the metallic cylinder 12 being opposed 
to each other, and the ceramic bar 26 is arranged 
between the holding sections 24 via the elastic mem- 
bers 25. As shown in Fig. 5(a), the holding member 20 
is inserted into the external metallic cylinder 1 from the 
extending section 11 side and fixed to the external 
metallic cylinder 1 while the plane 26B of the ceramic 
bar 26 comes into contact with the bottom surface 1 5 of 
the honeycomb body 7 In the above condition the 
ceramic bar 22 functions as a retainer of the honey- 
comb body 7 and is held by the ring-shaped holding 
member 20 

In the electrically heated catalyst device 10C, two 
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ring-shaped holding members 20 are made of one 
metallic cylinder 12 Accordingly, the cost of manufac- 
turing can be reduced and the amount of material 
required for manufacture can be reduced 

In this connection, it is possible to provide the fol- ^ 
lowing variation of this example In the metallic cylinder 
12 of the ring-shaped holding member 20, there is pro- 
vided an extending section 20E, and the main catalyst 3 
is arranged in this extending section 20E. This variation 
is not shown in the drawing io 

Fig. 7 is a cross-sectional view showing the struc- 
ture of the electrically heated catalyst device 10D of 
another example of the present invention. As shown in 
Figs. 8(a) to 8(c), one end side of the metallic cylinder 
12 composing the ring-shaped holding membei 20 is 15 
bent inside over the entire circumfeience, so that a 
flange portion 27 can be formed. There are formed four 
recesses in this flange portion 27. These recesses are 
the gutter-shaped holding sections 28. Two of the hold- 
ing sections 28 are arranged being opposed to each 20 
other while the gutter-shaped recesses are continu- 
ously located on the same axis interposing the inside 
space of the metallic cylinder 12. These two sets of 
holding sections 28 are located at the same positions as 
those of the holding sections 24 in the example shown 25 
in Fig. 6. 

Since the holding sections 28 are formed into the 
gutter-shape in this example as described above, the 
elastic members 25 can be inserted into the holding 
sections 28 in the same manner as that of the example 30 
shown in Fig. 6, and the ceramic bar can be inserted 
into the elastic members in the same manner as that of 
the example shown in Fig. 6. 

In the electrically heated catalyst device 10D of the 
above example, the gutter-shaped elastic members 25 35 
are attached to all holding sections 28 of the metallic 
cylinder 12 shown in Figs. 8(a) to 8(c), and the curved 
surfaces 26A are respectively pushed into the gutter- 
shaped recesses 25A of the elastic members 25 at both 
end portions of the ceramic bar 26. In this way, the 40 
assembling body to hold the honeycomb body 7 can be 
obtained. 

As described above, in the holding member 20, the 
ceramic bars 26 are arranged between the holding sec- 
tions 28, which are formed in the flange section 27 45 
being opposed to each other, via the elastic members 
25. As shown in Fig. 7, the holding member 20, which is 
formed in the above manner, is inserted into the metallic 
cylinder 1 from the extending section 1 1 side and fixed 
while the planes 26B of the ceramic bars 26 come into so 
contact with the bottom surface 1 5 of the honeycomb 
body 7 In the above condition the ceramic bar 22 func- 
tions as a retainer of the honeycomb body 7 and is held 
by the ring-shaped holding member 20 

In the electrically heated catalyst device 1 0D shown 55 
in Fig. 7, one end portion of the metallic cylinder 12 
composing the ring-shaped holding member 20 is bent 
and formed into the flange section 27. Accordingly the 
rigidity of the entire ring-shaped holding member 20 can 



be enhanced, and the possibility of thermal deformation 
can be excluded. The flange section 27 closes a periph- 
ery of the outer circumference of the honeycomb body 
7 Therefore, it is possible to prevent the exhaust gas 
sent from the outer circumference, the rate of purifica- 
tion of which is low because the warm-up characteristic 
is low, from blowing through onto the downstream side 
In this connection, it is possible to provide the fol- 
lowing variation of this example In the metallic cylinder 
12 of the ring-shaped holding member 20, there is pro- 
vided an extending section 20E, and the mam catalyst 3 
is arranged in this extending section 20E. This variation 
is not shown in the drawing. 

Fig 9 is a perspective view showing only the str uc- 
ture of the ring-shaped holding membei 20 in the elec- 
trically heated catalyst device of another example of the 
present invention. In this example, an upper end portion 
of the metallic cylinder 12 is recessed by means of 
press forming, so that four rectangular holding sections 
29 can be formed. Each hoTding section 29 includes 
three side walls 29A, 29B, 29C and one bottom surface 
29D. Distance from each bottom surface 29D to the end 
portion of the metallic cylinder 12 is the same with 
respect to all holding sections 29. The side walls 29B, 
29C of one holding section 29 are respectively located 
on the same surfaces of the side walls 29B, 29C of the 
other holding section 29 which is opposed to the afore- 
mentioned holding section 29. On each side wall 29A, 
there is formed a groove 13 for accommodating the 
ceramic bar. In this example, it is possible to use the 
same ceramic bars 22 and elastic members 23 as those 
used in the example shown in Fig. 1. In this case, it is 
necessary to determine the distance between the side 
wall 29B and the side wall 29C to be smaller than the 
outer diameter of the elastic member 23. 

In the example shown in Fig. 9, the ceramic bar 22 
is guided by the side wall 29A of the holding section 29 
and inserted into the accommodating groove 13. In the 
process of insertion of the ceramic bar 22, the elastic 
members 23 attached to both end portions of the 
ceramic bar 22 are compressed and pushed between 
the side walls 29B and 29C of the holding section 29 In 
this way, the ring-shaped holding member 20 can be 
assembled 

As described above, in the ring-shaped holding 
member 20, the ceramic bars 22 are arranged between 
the holding sections 29, which are formed in the metallic 
cylinder 12 opposed to each other, via the elastic mem 
bers 23 As shown in Fig. 1, the ring-shaped holding 
member 20, which is formed in the above manner, is 
inserted into the metallic cylinder 1 from the extending 
section 1 1 side and fixed while the planes 22B of the 
ceramic bars 22 come into contact with the bottom sur- 
face 15 of the honeycomb body 7 In the above condi- 
tion, the ceramic bar 22 functions as a retainer of the 
honeycomb body 7 and is held by the ring-shaped hold 
mg member 20. 

The electrically heated catalyst device of the exam- 
ple shown in Fig 9 can provide the same effect as that 
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provided by the electrically heated catalyst device 10A 
of the example shown in Fig 1 . 

In this connection, it is possible to provide the fol- 
lowing variation of the example shown in Fig 9 In the 
metallic cylinder 12 of the ring-shaped holding member ^ 
20, there is provided an extending section 20E, and the 
main catalyst 3 is arranged in this extending section 
20E. This variation is not shown in the drawing 

Figs. 10(a), 10(b) and Figs. 11(a), 11(b) are views 
showing the electrically heated catalyst devices 10E, ic> 
10F of another example of the present invention. In the 
catalyst support ot this example, there is provided an 
outer circumferential section reinforcing layer 7o on the 
outer circumference of the honeycomb body 7 In this 
catalyst support, ceramic bars are held via the ring- >5 
shaped holding member. 

The electrically heated catalyst support used in this 
example is composed as follows. On the outer circum- 
ferential layers, the number of which is approximately 5, 
and on the inner circumferential layers, the number of 20 
which is approximately 5, which are arranged, if neces- 
sary, at positions close to the central electrode 6 of the 
honeycomb body 7, as illustrated in Figs. 12(b) and 
12(c), the joint portion 45 of the flat foil 5 and the corru- 
gated foil 4 is densely formed for the purpose of ensur- 25 
ing mechanical strength, so that the outer 
circumferential reinforcing layer 7o and the inner cir- 
cumferential reinforcing layer 7i can be formed, and the 
inner circumferential reinforcing layer is connected to 
the central electrode 6, and the outer circumferential 30 
reinforcing layer is connected to the external metallic 
cylinder 1 . As a result, the honeycomb body 7 and the 
external metallic cylinder 1 are integrated with each 
other into one body. 

Fig. 1 2(a) is a view showing an electric current pas- 35 
sage 35 spirally formed from the central side to the 
outer circumferential side by joining the sheets of metal- 
lic foil locally when each metallic foil is formed into a spi- 
ral shape. 

The electrically heated catalyst support shown in 40 
Figs. 10, 1 1 are composed as follows. On the outer cir- 
cumference of the honeycomb body 7, at least one join- 
ing reinforcing layer 7o is formed, and this outer 
circumferential reinforcing layer 7o is joined to the exter- 
nal metallic cylinder 1 , and the ceramic bars 31 , 33 are 45 
arranged on the end surface of the honeycomb body 7 
on the downstream side of exhaust gas in such a man- 
ner that the ceramic bars 31 , 33 cross the non-reinforc- 
ing layer 7n of the honeycomb body, and end portions of 
these ceramic bars are fixed by the ring-shaped fixing so 
members 32, 34 joined to the external metallic cylinder 
1 

The electrically heated catalyst support shown in 
Figs. 10(a), 10(b) is composed as follows There is pro- 
vided a cross-shaped ceramic bar 31 including four tegs 55 
31a, 31b, 31c. 31 d, and the annular sections 31e, 31f 
are formed at the end portions of these four legs The 
central electrode 6 is loosely engaged in the hole 31 0 
formed at the center of the above ceramic bar 31 , and 



each leg is arranged in such a mannei that it crosses 
the non-reinforcing layer 7n, and the annular sections 
3 1 f at the ends of the four legs located on the outer cir- 
cumferential reinforcing layer 7o are supported by the 
ring-shaped holding member 32. When this holding 
member is joined to the external metallic cylinder 1 , the 
honeycomb body 7 can be supported In one portion ot 
the ring-shaped holding member 32, there is provided a 
clearance section 32a, by which a stress generated by 
a heat cycle can be released. 

In the electrically heated catalyst support shown in 
Figs. 11(a), 11(b), two ceramic bars 33a, 33b are 
arranged so that they can cross the non-reinforcing 
layer 7n, and the end portions of tne ceramic bars 
located on the outei circumferential reinforcing layei 7o 
are supported by the iing-shaped holding membei 34 
When this holding member is joined to the external 
metallic cylinder 1 , the honeycomb body 7 can be sup- 
ported. 

In this case, engaging 'grooves 35 are formed in the 
ring-shaped holding member 34. These engaging 
grooves 35 are engaged with the end portions of the 
ceramic bars 33a, 33b, so that the two ceramic bars 
33a, 33b are not disconnected from the ring-shaped 
holding member 34 

Figs. 11(c) and 11(d) are views showing another 
example of the ring-shaped holding member. In this 
example, there are formed four recesses 37 in the ring- 
shaped holding member 36 over the entire width of the 
ring-shaped holding member 36, and engaging grooves 
38 are formed at the upper edges of these recesses. 
End portions of the ceramic bars 33a, 33b are engaged 
with these engaging grooves. In the ring-shaped holding 
member 36, there is provided a clearance section 36a. 
The above recesses 37 positively prevent the ceramic 
bars 33a, 33b from being shifted and disconnected. 

Fig. 1 3(a) is a view showing an example of the elec- 
trically heated catalyst device in which a reducing sec- 
tion 39C is formed instead of the recesses 37 shown in 
Fig. 1 1 at the end of the metallic cylinder 39 of the ring- 
shaped holding member 36, and an extending section 
39E is formed by extending the metallic cylinder 39 onto 
the downstream side of exhaust gas, and the main cat- 
alyst support 3 is arranged in the extending section 39E 
In the electrically heated catalyst device shown in Fig 
13(b), the ring-shaped holding member 36 shown in 
Figs. 1 1 (c), 1 1 (d) is arranged on the downstream side of 
exhaust gas of the purifying device 

In any example described above, it is possible to 
hold the catalyst support in a state m which the ceramic 
bars are stably supported. The number of parts can be 
reduced and the manufacturing cost can be reduced 

Next, the following are the explanations of a case in 
which pins are used as members to hold the ceramic 
bars. 

First, explanations are made for a case in which the 
present invention is applied to the exhaust gas purifying 
device shown in Fig 29. 

As shown in Fig 14, in this example, the electrically 
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heated catalyst device 10G is composed as follows The 
electrically heated catalyst support 2 includes a honey- 
comb body 7 having an outer circumferential portion 
reinforcing layer 7o and an inner circumferential portion 
reinforcing layer 7i There are provided ceramic bars 41 e 
on the downstream side of exhaust gas of this catalyst 
support 2. Both end portions of these ceramic bars are 
held by pins 42. The aforementioned electrically heated 
catalyst device 10G is arranged in the exhaust gas puri- 
fying device. ?: 

An example of the ceramic bar described above is 
ohown in Figs. 15(a) to 15(e). 

Fig. 1 5(a) is a bottom view of the electrically heated 
catalyst support 10G. Fig. 15(b) is a cross-sectional 
view taken on line V - V in Fig 15(a). Fig. 15(c) is an if 
enlaiged schematic illustration showing an outline of the 
section B in Fig 15(a). Fig. 15(d) is an enlarged side 
view of the Fig 15(b). Fig. 15(e) is a cross-sectional 
view taken on line VI - VI in Fig. 15(d). 

In Figs. 1 5(a) to 15(e), between the inner circumfer- 20 
ential section reinforcing layer 7i and the outer circum- 
ferential section reinforcing layer 7o, there are provided 
four ceramic bars 41a, 41b, 41c, 41d, which are formed 
into a cross-shape, while these ceramic bars 41a, 41b, 
41c, 41 d cross the non-reinforcing layer section 7n of 25 
the honeycomb body 7 in a contact condition. The end 
portions of these ceramic bars which are put on the 
inner circumference reinforcing layer 7i are engaged by 
U-shaped pins 42ai to 42di. That is, the head portions of 
these U-shaped pins engage with the ceramic bars, so 30 
that the head portions of these U-shaped pins can hold 
the ceramic bars. The end portions of these U-shaped 
pins are inserted into the inner circumference reinforc- 
ing layer 7i and soldered to the walls of this inner cir- 
cumference reinforcing layer 7i. Due to the above 35 
arrangement, one end portion of the ceramic bar pre- 
vents the slippage caused between the sheets of metal- 
lic foil while a change in the shape of the honeycomb 
body 7 is allowed. 

End portions of the above ceramic bars which are 40 
put on the outer circumference reinforcing layer 7o are 
engaged by the U-shaped pins 42ao to 42do in the 
same manner as that described before. 

In this case, as shown in the enlarged views of Figs 
15(d) to 15{e), in order to prevent the disconnection of 45 
ceramic bars and ensure the engagement of ceramic 
bars more positively, engaging grooves 43 having a 
slight inclination are formed in the engaging sections of 
the U-shaped pins 42 attached to both end portions of 
each ceramic bar. 5c 

Figs 16(a) to 16(e) are views showing another 
example of the arrangement of the ceramic bar of the 
above example Fig 16(a) is a view showing an exam- 
ple of the arrangement of the ceramic bar composed as 
follows In the honeycomb body 7, there are provided an 55 
inner circumference reinforcing layer 7i and an outer cir- 
cumference reinforcing layer 7o Three ceramic bars 
4le, 4 If . 41 g are arranged between the inner circumfer- 
ence reinforcing layer 7i and the outer circumference 
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reinforcing layer 7o in such a manner that the three 
ceramic bars 41 e, 41 f, 41 g cross the non-reinforcing 
layer 7n of the honeycomb body in a contact condition, 
while the three ceramic bars 41 e, 4lf, 41 g are arranged 
at regular intervals of 120 c 

Fig. 16(b) is a view showing an example of the 
arrangement of the ceramic bars composed as follows 
In the honeycomb body, there are provided an inner cir- 
cumference reinforcing layer 7i and an outer circumfer- 
ence reinforcing layer 7o. Two ceramic bars 41 h, 41 1 are 
arranged between the inner circumference reinforcing 
layer 7i and the outer circumference reinforcing layer 7o 
so that the two ceramic bars 41 h, 41 i can cross the non- 
reinforcing layer 7n of the honeycomb body in a sub- 
stantial contact condition while the two ceiarnic bats 
41 h, 41 i are arranged at regulai intervals forming an 
angle of 180". Further two ceramic bars 41 j, 41k are 
arranged in a space surrounded by the outer circumfer- 
ence reinforcing layer 7o so that the two ceramic bars 
41 j, 41k can cross the non- reinforcing layer 7n of the 
honeycomb body in a substantial contact condition 
while the two ceramic bars 41j, 41k are arranged in par- 
allel to each other. In this case, the two ceramic bars 
41 j, 41k are arranged symmetrically to each other with 
respect to the ceramic bars 41 h, 41 1 

Fig. 16(c) is a view showing an example of the 
arrangement of the ceramic bars composed as follows. 
In the honeycomb body 7, there is provided an outer cir- 
cumference reinforcing layer 7o. Two ceramic bars 41 h, 
41 i are arranged in a space surrounded by the outer cir- 
cumference reinforcing layer 7o so that the two ceramic 
bars 41 h, 41 i can cross the non-reinforcing layer 7n of 
the honeycomb body in a substantial contact condition 
while the two ceramic bars 41 h, 41 i are arranged in par- 
allel to each other. 

Fig 16(d) is a view showing an example of the 
arrangement of the ceramic bars composed as follows. 
In the honeycomb body 7, there is provided an outer cir- 
cumference reinforcing layer 7o. Three ceramic bars 
411, 4lm, 41 n are arranged in a space surrounded by 
the outer circumference reinforcing layer 7o so that the 
three ceramic bars 411, 41m, 41 n can cross the non- 
reinforcing layer 7n in a substantial contact condition 
and while these ceramic bars are arranged in a triangle 

Fig. 16(e) is a view showing an example of the 
arrangement of the ceramic bars composed as follows 
In the honeycomb body 7, there is provided an outer cir- 
cumference reinforcing layer 7o The ceramic bar 44 
has four legs 44a. 44b, 44c, 44d which are arranged in 
a cross shape. A central electrode 6 is loosely engaged 
in the center of this cross-shaped ceramic bar 44, 
wherein a sufficiently large clearance is made between 
the central electrode 6 and the center of the cross- 
shaped ceramic bar 44. In this case, the four legs are 
arranged so that they cross the non-reinforcing layer 7n 
of the honeycomb body in a substantial contact condi- 
tion. End portions of the four legs of the ceramic bar 44 
are fixed to the outer circumference reinforcing layer 7o 
via U-shaped pins 45ao to 45do 
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In the examples shown in Figs 16(c) to 16(e), con- 
cerning the reinforcing layer of the honeycomb body, it is 
necessary to provide an outer circumference reinforcing 
layer, but it is unnecessary to provide an inner circum- 
ference reinforcing layer 

As described above, the non-reinforcing layer of the 
honeycomb body is strongly supported by the ceramic 
bars arranged between the reinforcing layers of the hon- 
eycomb body joined to the central electrode and the 
casing. When an electric current is fed to this honey- ^ 
comb body, no current flows to the ceramic bars, so that 
the generation of heat in the electric passage of the 
honeycomb body is not obstructed 

In the above examples, the ceramic bars are held 
by the reinforcing layer formed in the honeycomb body, 'f 
that is, although the ceramic bars are contacted with the 
honeycomb body, they are not fixed to the honeycomb 
body. Accordingly, the above holding structure is appro* 
priate for holding the ceramic bars when they are sub 
jected to thermal expansion, and no damage is caused 20 
by a difference in thermal expansion. As a result, there 
is no possibility that the honeycomb body is shifted in 
the direction of the exhaust gas flow or in the radial 
direction. Accordingly, the external metallic cylinder can 
be reliably held, and the durability of the electrically 25 
heated catalyst support can be enhanced. 

Next, another example of the electrically heated 
catalyst device will be explained as follows. In this elec- 
trically heated catalyst device, there is provided an elec- 
tricity introducing section in the external metallic 30 
cylinder on the upstream side of exhaust gas of the 
electrically heated catalyst support. There is provided a 
main catalyst device at a position close to this electri- 
cally heated catalyst device through ceramic bars. 

Fig. 1 7 is a cross-sectional front view of the exhaust 35 
gas purifying device 60A of the internal combustion 
engine having the electrically heated catalyst device 
10H of the above example of the present invention. As 
shown in Fig. 17, the exhaust gas purifying device 60A 
includes an electrically heated catalyst device 10H and 40 
a main catalyst device 40A. The electrically heated cat- 
alyst device 10H is composed in such a manner that the 
honeycomb body 7 including the corrugated foil 4 and 
the flat foil 5 explained in Figs. 30(a), 30(b) is inserted 
into the external metallic cylinder 1 . At the center of the 4* 
honeycomb body 7, there is provided a central elec- 
trode 6, which is connected to the electrode section 8A 
via the lead section 6A penetrating the holder 8C which 
is arranged on the outer circumferential surface of the 
external cylinder 1 1 $c 

Fig 18 is a view showing the detailed structure of 
the electrically heated catalyst device 10H including the 
honeycomb body 7, into which the central electrode 6 is 
incorporated, the electrode section 8A. the holder 8C 
and the external cylinder 11 55 

In this pxample, on an end surface of the honey- 
comb body 7 on the downstream side of exhaust gas 
(the exhaust gas downstream side), there are provided 
ceramic bars 45a 45b, which are insulating retainers, in 



such a manner that the ceramic bars 45a, 45b cross the 
honeycomb body 7 The ceramic bars 45a, 45b are 
attached onto the end surface of the honeycomb body 7 
on the downstream side of exhaust gas when both end 
portions of U-shaped pins 47a, 47b made of heat-resist- 
ant metal are inserted into the honeycomb body 7 from 
the downstream side of exhaust gas Both end portions 
of U-shaped pins 47a, 47b inserted into the honeycomb 
body 7 may be fixed to the honeycomb body 7 by means 
of soldering 

On the end surfaces of the ceramic Oars 45a, 45b 
on the exhaust gas downstream side attached to the 
honeycomb body 7 by the pins 47a, 47b, there are 
formed recesses 46a, 46b at positions where the pins 
47a, 47 are located When the shape of each pin 47a, 
47b is a U-shape as illustrated in Fig 18 ; the shape of 
each recess 46a, 46b may be a circumferential surface. 

Fig. 19 is a partially enlarged cross-sectional view 
taken on line VII - VII in Fig. 17. In Fig 19, the shape of 
this recess 46a is explained in detail As illustrated in 
Fig. 19, depth L1 of the recess 46a of the ceramic bar 
45a formed at an attaching position of the pins 47a is 
determined to be a value higher than the diameter N of 
the pin 47a, so that a curved portion of the pin 47a on 
the exhaust gas downstream side can not protrude from 
an end surface of the ceramic bar 45a on the exhaust 
gas downstream side when the U-shaped pin 47a is 
attached in this recess 46a. 

In this connection, the overall length of the ceramic 
bar 45a is determined so that an external metallic cylin- 
der 48 of the main catalyst device 40 A described later 
can be inserted into a space formed between both end 
portions of the ceramic bar 45a and the metallic cylinder 
1 when the ceramic bar 45a is attached by the pin 47a 
onto the end surface of the honeycomb body 7 on the 
exhaust gas downstream side 

In this example, as illustrated in Fig. 17, the outer 
diameter of the external metallic cylinder 48 of the main 
catalyst device 40A is the same as the inner diameter of 
the external metallic cylinder 1 of the electrically heated 
catalyst device 10H. The height of the external metallic 
cylinder 48 protruding from an end surface of the main 
catalyst support 3 of the main catalyst device 40A on 
the exhaust gas upstream side is lower than the height 
H of the ceramic bar 45a shown in Fig 1 9 

Therefore, the outer circumferential surface of the 
external cylinder 48 of the main catalyst device 40A is 
inserted into the inner circumferential surface of the 
external metallic cylinder 1 of the electrically heated cat- 
alyst device 10H in the manner illustrated in Fig 18, and 
this main catalyst device 40A is inserted until the mam 
catalyst support 3 comes into contact with the ceramic 
bars 45a, 45b attached to the end surface of the electri- 
cally heated catalyst device 10H on the downstream 
side of exhaust gas In this way, the exhaust gas purify- 
ing device illustrated in Fig 17 can be composed In the 
above condition, the honeycomb body 7 of the electri- 
cally heated catalyst device 10H and the main catalyst 
support 3 of the main catalyst device 40A are electri- 
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caily insulated from each other. 

In the thus composed exhaust gas purifying device 
60A including the electrically heated catalyst device 
10H and the main catalyst device 40A. it is possible to 
make the mam catalyst support 3 of the main catalyst ^ 
device 40A approach the honeycomb body 7 of the 
electrically heated catalyst device 10H Therefore, the 
warm-up property of the mam catalyst support 4 of the 
main catalyst device 40A can be enhanced Since 
forces given to the ceramic bars 45a. 45b in the direc- ^ 
tion of the exhaust gas flow are received by the mam 
catalyst support 3 of the main catalyst device 40A, the 
pins 47a, 47b used for attaching the ceramic bars 45, 46 
to the honeycomb body 7 only function as members to 
prevent the lateral shift of the ceramic bars 45a, 45b ^ 
Accoidingly, the diametei of the pins can be i educed 
As a result, it is possible to reduce the heat capacities of 
the pins 47a, 47b. For this reason, there is no possibility 
that the warm-up property of the main catalyst support 
3 is deteriorated. 2 o 

Fig. 20 is a cross-sectional front view showing an 
arrangement of the exhaust gas purifying device 606 
which is a variation of the exhaust purification device 
60A of the example shown in Fig. 17. The arrangement 
of the exhaust gas purifying device 60B of the variation 25 
is substantially the same as that of the exhaust gas puri- 
fying device 60A of the example shown in Fig. 17 
Accordingly, like reference characters are used to indi- 
cate like parts of the exhaust gas purifying device 60A 
of the example shown in Fig. 1 7, and the same explana- 30 
tions are omitted here and only the explanations of dif- 
ferent parts are made here. 

In the exhaust gas purifying device 60B illustrated 
in Fig 20, the inner diameter of the external metallic cyl- 
inder 48 of the main catalyst device 40B is the same as 35 
the outer diameter of the external metallic cylinder 1 of 
the electrically heated catalyst device 101. The height of 
the external cylinder 1 protruding from the end surface 
of the honeycomb body 7 of the electrically heated cat- 
alyst device 1 01 on the downstream side of exhaust gas 40 
is lower than the height H of the ceramic bar 45a shown 
in Fig. 19 

Therefore, the inner circumferential surface of the 
external metallic cylinder 48 of the mam catalyst device 
40B is inserted onto the outer circumferential surface of 45 
the external metallic cylinder 1 of the electrically heated 
catalyst device 101 assembled in the manner shown in 
Fig. 18. The main catalyst support 3 of the main catalyst 
device 40B is inserted until it comes into contact with 
the ceramic bars 45a, 45b attached onto the end sur- se- 
izes of the electrically heated catalyst 101 on the down- 
stream side of exhaust gas In this way, the exhaust gas 
purifying device 60B illustrated in Fig 20 can be com- 
posed In the above condition, the honeycomb body 7 of 
the electrically heated catalyst device 101 and the mam 55 
catalyst support 3 of the main catalyst device 40B are 
electrically insulated from each other 

As described above, the exhaust gas purifying 
device 60B shown in Fig 20 is different from the 



exhaust gas purifying device 60A of the example 
explained with reference to Figs 17 to 19, by only one 
point, which is the way the main catalyst device 40B, is 
attached to the electrically heated catalyst device 101, 
and other points of the exhaust gas purifying device 60B 
shown in Fig. 20 are the same as those of the exhaust 
gas purifying device 60A of the example explained with 
reference to Figs 1 7 to 1 9. 

Fig 21 is a cross-sectional side view showing an 
arrangement of the exhaust gas purifying device 60C of 
the internal combustion engine of another example of 
the present invention. 

In the exhaust gas purifying device 60A of the 
example shown in Figs 1 7 to 1 9. the ceramic bars 45a, 
45b are attached to the end surface of the honeycomb 
body 7 of the electrically heated catalyst device 10H on 
the downstream side of exhaust gas. However, in the 
exhaust gas purifying device 60C of this example, the 
ceramic bars 49a, 49b are attached onto the end sur- 
face of the main catalyst support 3 of the main catalyst 
device 40C on the upstream side of exhaust gas, by the 
pins 47a, 47b Except for the above point, the exhaust 
gas purifying device 60C of this example is the same as 
the exhaust gas purifying device 10H of the example 
shown in Fig 17 

Fig. 22 is an arrangement view showing the 
exhaust gas purifying device 60D of a variation of the 
exhaust gas purifying device 60C of the example shown 
in Fig. 21. In the exhaust gas purifying devise 60D 
shown in Fig. 22, the inner circumferential surface of the 
external metallic cylinder 48 of the main catalyst device 
40D is attached onto the outer circumferential surface of 
the external metallic cylinder 1 of the electrically heated 
catalyst device 10K. Other functions are the same as 
those of the exhaust gas purifying device 60C of the 
example explained in Fig. 21 . 

Figs. 23(a) to 23(d) are views showing variations of 
the pins 47a, 47b to be used for the exhaust gas purify- 
ing devices 60A, 60B, 60C, 60D of the examples 
explained before. In the pin 47 shown in Fig. 23(a), an 
attaching portion of the pin 47 to be attached to the hon- 
eycomb body 7 or the main catalyst support 3 is formed 
into a corrugated portion 51a. In the pin 47 shown in 
Fig. 23(b), arrow-shaped protrusions 51b are formed in 
the attaching portion of the pin 47. In the pin 47 shown 
in Fig. 23(c), the shape of the pin is not formed into a U- 
shape but formed into a J-shape. In this pin 47, two 
swollen portions 51c are formed in a portion of the 
attaching section of the pin to be attached to the honey- 
comb body 7 or the main catalyst support 3 In the pin 
47 shown in Fig 23(d). the shape is not formed into a Li- 
shape but formed into an L-shape In this case, shapes 
of the recesses 46, 50 formed in the ceramic bars 45, 49 
may be rectangular grooves In this example, a portion 
of the attaching section of the pin 47 to be attached to 
the honeycomb body 7 or the main catalyst support 3 
swells into a truncated cone 51 d When the end portion 
of the pin is formed into the shape described above, it is 
difficult for the pin 47 to be drawn out from the honey- 
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comb body 7 or the mam catalyst support 3 after it has 
been once inserted. Thus formed pin can be fixed to the 
sheet of metallic foil by soldering in which only a small 
amount of solder is used 

Variations of the pin 47 are explained above, how- 5 
ever, it should be noted that the shape of the pin 47 is 
not limited to the above four examples. 

Fig 24 is a cross-sectional front view showing an 
arrangement of the exhaust gas purifying device 10E of 
another example of the present invention. The arrange- 10 
ment of the exhaust gas purifying device 10E of this 
example is substantially the same as that of the exhaust 
gas purifying device 10H shown in Fig 17. Different 
points are only the shapes of the ceramic bars 52a, 52b 
and the shapes of the pins 54a, 54b. As illustrated in 15 
Fig 25(a), in this example, theie are piovided through- 
holes 53a, 53b in the ceramic bar 52a arranged in such 
a manner that the ceramic bar 52a crosses an end sur- 
face of the honeycomb body 7 on the downstream side 
of exhaust gas. In this example, the pins 54a, 54b are 20 
formed into a rod-shape. The inner diameter of the 
through-hole 53a is a little larger than the outer diameter 
of the pin 54a, that is, an allowance necessary for heat 
expansion is made between the inner diameter of the 
through-hole 53a and the outer diameter of the pin 54a. 25 
When the pin 54a is inserted into the honeycomb body 
7, the ceramic bar 52a comes into pressure contact with 
the main catalyst support 3, so that the pin 54a can not 
be easily drawn out. 

A free end portion of the pin 54a inserted into the 30 
honeycomb body 7 is fixed to the honeycomb body 7 by 
means of soldering. 

Fig. 25(b) is a partially enlarged cross-sectional 
view taken on line VIII - VIII in Fig. 24 In Fig. 25(b), a 
relation between the through-hole 53a and the pin 54a 35 
is shown when the pin 54a is attached into the through- 
hole 53a. As illustrated in Fig. 25(b), the pin 54a is 
inserted into the through-hole 53a formed in the 
ceramic bar 52a in such a manner that an end of the pin 
54a is located at a position distant by a height L2 from 40 
an end surface of the ceramic bar 52a on the down- 
stream side of exhaust gas. The pin 54a is inserted into 
one portion of the through-hole 53a while the pin 54a is 
not inserted into the other portion of the through-hole 
53a corresponding to the height L2. Due to the above 45 
arrangement, no end of the pin 54a on the downstream 
side of exhaust gas protrudes from an end surface of 
the ceramic bar 52a on the downstream side of exhaust 
gas. 

Other arrangements of the exhaust gas purifying 50 
device 60E are the same as those of the exhaust gas 
purifying device 60A of the example shown in Fig M 
Accordingly, even in the exhaust gas purifying device 
60E of the example assembled in the manner illustrated 
in Fig. 24, rt is possible to make the main catalyst sup- 55 
port 3 of the main catalyst device 40E approach the 
honeycomb body 7 under the condition of electrical 
insulation. Therefore, the warm-up property of the main 
catalyst support 3 of the main catalyst device 40E can 
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be enhanced The pins 54a 54b holding the ceramic 
bars 52a, 52b are formed into a rod-shape Therefore, it 
is possible to reduce the heat capacities of the pins 54a, 
54b Accordingly the warm-up property of the main cat- 
alyst support 3 is not deteriorated 

Although not shown in the drawing, it is possible to 
adopt the following arrangement of the exhaust gas 
purifying device 60E. In the exhaust gas purifying 
device 60E, the inner diameter of the external cylinder 
48 of the main catalyst device 40 E is formed to be the 
same as the outer diameter of the external metallic cyl- 
inder 1 of the electrically heated catalyst device 10L, 
and the inner circumferential surface of the external 
metallic cylinder 48 of the main catalyst device 40E is 
inserted onto the outer circumferential surface of the 
external metallic cylinder 1 of the electrically heated cat- 
alyst device 10L. 

Fig. 26 is a cross-sectionai side view showing an 
arrangement of the exhaust gas purifying device 60F of 
another example of the present invention. 

In the exhaust gas purifying device 60 F of this 
example, the ceramic bars 55a, 55b are attached by the 
pins 54a, 54b onto an end surface of the main catalyst 
support 3 of the main catalyst device 40 F on the 
upstream side of exhaust gas Other arrangements are 
the same as those of the exhaust gas purifying device 
60E of the example illustrated in Fig. 24. 

Although not shown in the drawing, it is possible to 
adopt the following arrangement of the exhaust gas 
purifying device 60F. In the exhaust gas purifying device 
60F, the inner diameter of the external cylinder 48 of the 
main catalyst device 40F is formed to be the same as 
the outer diameter of the external metallic cylinder 1 of 
the electrically heated catalyst device 10M, and the 
inner circumferential surface of the external metallic cyl- 
inder 48 of the main catalyst device 40 F is inserted onto 
the outer circumferential surface of the external metallic 
cylinder 1 of the electrically heated catalyst device 10M 

Figs. 27(a) to 27(d) are views showing variations of 
the pin 54 to be used for the exhaust gas purifying 
devices 10L, 10M of the examples explained before. In 
the fixing pin 54 shown in Fig. 27(a), an attaching por- 
tion of the pin 54 to be attached to the honeycomb body 
7 or the main catalyst support 3 is formed into a corru- 
gated portion 55a. In the pin 54 shown in Fig. 27(b), 
arrow-shaped protrusions 55b are formed in the attach- 
ing portion of the pin 54. In the pin 54 shown in Fig 
27(c), two swelling portions 55c are formed in a portion 
of the attaching section of the pin to be attached to the 
honeycomb body 7 or the mam catalyst support 3. In the 
pin 54 shown in Fig 27(d). the shape is not lormed into 
a U-shape but formed into an L-shape In this case, a 
portion of the attaching section of the pin 54 to be 
attached to the honeycomb body 7 or the main catalyst 
support 3 is swollen into a truncated cone 55d When 
the end portion of the pin is formed into the shape 
described above, it is difficult for the pin 54 to be drawn 
out from the honeycomb body 7 or the main catalyst 
support 3 after it has been once inserted The thus 
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formed pin can be fixed to the sheet of metallic foil by 
soldering in which only a small amount of solder is 
used 

Fig 28 is an assembly perspective view showing 
sttll another example of the ceramic bar 57 and the pins - 
59 to be used in the exhaust gas purifying devices 60E 
60F In this example, there is provided a rectangular 
hole 57a on one side of the through-hole 57b formed in 
the ceramic bar 57. On one end of the rod-shaped pin 
59, there is provided a lateral member 59a to be accom- 10 
modated in this rectangular hole 57a. The overall shape 
of the pin 59 is formed into a T-shape. In this arrange- 
ment, it is necessary for the depth of the rectangular 
hole 57a to be larger than the diameter of the lateral 
member 59a of the pin 59 so that the lateral mernbei i? 
59a of the pin 59 can not ptotiude fiom the surface of 
the ceramic bar 57 when the lateral member 59a of the 
pin 59 is accommodated in the hole 57a. 

Variations of the pins 47, 54, 59 are explained 
above, however, it should be noted that the shapes of 20 
pins are not limited to the above specific examples. 

In the aforementioned exhaust gas purifying device, 
a clearance between the end surface of the electrically 
heated catalyst support on the downstream side of 
exhaust gas and the end surface of the main catalyst 25 
support on the upstream side of exhaust gas is set at 1 
mm to 50 mm. It is very effective that the clearance is 
set at 5 mm to 50 mm. 

That is, in order to prevent a contact of the electri- 
cally heated catalyst support with the honeycomb body 30 
of the main catalyst support caused by a thermal expan- 
sion or a minute slippage so as to ensure the electric 
insulation for positively heating the electrically heated 
catalyst support, it is necessary to provide a clearance 
of at least 1 mm. When the clearance is set at a value 35 
not less than 5 mm, the warm-up property of the entire 
main catalyst can be enhanced when exhaust gas is 
stirred between the electrically heated catalyst support 
and the main catalyst support. 

The value of 50 mm is an upper limit of the clear- 40 
ance by which the warm-up property of the main cata- 
lyst warmed up by the exhaust gas heated by the 
electrically heated catalyst support is not deteriorated. 

In this connection, in the example explained above 
the electrically heated catalyst device accommodates a 45 
honeycomb body 7 in which a sheet of laminated metal- 
lic foil composed of the corrugated foil 4 and the flat foil 
5 is spirally wound. However, it is possible to form the 
honeycomb body 7 without spirally winding the sheet of 
laminated metallic foil. Also, rt is possible to form the 50 
honeycomb body 7 by bending the sheet of laminated 
metallic foil zigzag so that it can be formed into a colum- 
nar shape Even to the electrically heated catalyst 
device in which the above types of honeycomb bodies 
are accommodated, the ceramic bar and the ring- 55 
shaped holding member or the pin of the present inven- 
tion can be effectively applied. 

An example of the honeycomb body composed of a 
zigzag-shaped sheet of laminated metallic foil is 
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explained as follows As illustrated in Figs 31(a) and 
31(b), the corrugated foil 4 and the flat foil 5 are put on 
each other to form a strip-shaped sheet of metallic foil 
7A This strip-shaped sheet of metallic foil 7A is folded 
and laminated so as to make a laminated body 7A This 
laminated body 7A is charged into a slit holder 60 hav- 
ing slits 61 Folding points of the strip-shaped body are 
inserted into the above slits so as to form a honeycomb 
body. The thus formed honeycomb body is inserted into 
an external metallic cylinder. An electricity introducing 
section is composed in such a rnannei that a lead is 
arranged in the holes 62, 63 formed in the slit holder, 
and one end of this lead is connected to both ends of 
the strip-shaped body 7A and the other end of this lead 
is connected to a battery located outside the exhaust 
gas purifying device 

As explained above, according to the present inven- 
tion, the support member of the honeycomb body is 
made of electrically insulating ceramic bars Accord- 
ingly, when electricity is supplied in the honeycomb 
body, an electric current flows in the electric current 
passage of the honeycomb body without flowing to the 
ceramic bars. Consequently, there is no possibility that 
the generation of heat in the electric current passage is 
deteriorated 

Although the ceramic bars come into contact with 
the honeycomb body, the ceramic bars are fixed to the 
reinforcing layer of the honeycomb body by the pins, or 
alternatively the ceramic bars are only held by the ring- 
shaped holding member joined to the external metallic 
cylinder. That is, the ceramic bars are not joined to the 
external metallic cylinder, the honeycomb body or the 
electrode. As a result, a honeycomb body holding struc- 
ture, which is flexible with respect to thermal expansion, 
can be formed. Therefore, the exhaust gas purifying 
device is not damaged by the influence of thermal 
expansion. 

As described above, telescoping and damage in 
the honeycomb body can be positively prevented, and 
the durability of the electrically heated metallic catalyst 
support can be enhanced. Therefore, it is possible to 
maintain the function stably over a long period of time. 

In the present invention, there is provided a rein- 
forcing layer which is formed in the honeycomb body for 
the purpose of arranging the ceramic bars. This rein- 
forcing layer is composed of an inner circumference 
reinforcing layer and an outer circumference reinforcing 
layer, or alternatively this reinforcing layer is only com- 
posed of an outer circumference reinforcing layer. In this 
case, this reinforcing layer may be composed intermit- 
tently 

It is preferable that the ceramic bar is made of 
material, the heat-resistant strength of which is high, the 
heat-resistant impact property of which is excellent, and 
the anti-oxidiztng property of which is also excellent in a 
temperature region lower than 1000°C, for example, the 
ceramic bar is preferably made of ceramics of oxides, 
the principal component of which is silicon nitride or alu- 
mina. 
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Concerning the shape of the ceramic bar, it is pref- 
erable that at least a supporting portion of the honey- 
comb body is formed into a thin rod shape Alternatively, 
a plurality of rod-shaped bodies may be integrated into 
one body. When a plurality of ceramic bars described 5 
above are arranged in a well balanced condition, tele- 
scoping of the honeycomb body can be stably and reli- 
ably prevented 

Concerning the holding means of these ceramic 
bars, on the inner circumference reinforcing layer side, 10 
the ceramic bats may be fixed onto the inner circumfer- 
ence reinforcing layer by pins, or alternatively the 
ceramic bars may be joined to the central electrode sec- 
tion When the ceramic bars are fixed onto the outer cir- 
cumference reinforcing layer, pins are pieferably used /5 
foi the fixation fiom the viewpoint of absorbing a differ - 
ence in thermal expansion 

Concerning the pins to fix the ceramic bars to the 
honeycomb body, an insulating property is not neces- 
sarily required. However, in the same manner as that of 2c 
the insulating ceramic bars, it is preferable that the pins 
are made of material, the heat-resistant strength of 
which is high in a temperature region lower than 
1000°C, and the anti-oxidization property of which is 
excellent, for example, it is preferable that the pins are 25 
made of stainless steel of Fe-Cr group, stainless steel of 
Fe-Cr-AI group, stainless steel of Fe-Cr-Ni-AI group, or 
inconel. 

Shapes of the ceramic bars are not limited to a spe- 
cific example, but any shape may be adopted as long as 30 
the ceramic bars are capable of engaging with the hon- 
eycomb body. Therefore, commonly used pin shapes 
such as a U-shape, a T-shape and a shape having no 
head portion shown in the above examples may func- 
tion properly An end portion of the pin is inserted into 35 
the reinforcing layers formed on the inner circumference 
and the outer circumference of the honeycomb body 
Then the end portion of the pin is joined by means of 
soldering. From the viewpoint of preventing damage 
caused by a difference in the thermal expansion 40 
between the ceramic bar and the honeycomb body, the 
ceramic bar is not joined to the pin 

In the case of using a U-shaped pin, when there is 
a possibility that the ceramic bar is drawn out, it is effec- 
tive to provide an engaging groove in the ceramic bar so 45 
that the ceramic bar can be stably held by the engaging 
groove. 

When an end portion of the ceramic bar ts held by 
the ring-shaped holding member, from the viewpoint of 
joining the holding member to the external metallic cyl- so 
inder easily, it is preferable that the holding member is 
made of material which can be easily welded or sol- 
dered to the external metallic cylinder 

It is preferable that an engaging groove is formed in 
at least one of the ring-shaped holding member and the 55 
ceramic bar, so that the end portion of the ceramic bar 
cannot be shifted or drawn out This ring-shaped hold- 
ing member is formed into a ring shape or a shape sim- 
ilar to it, or alternatively this ring-shaped holding 
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member is formed into a shape in which only the end 

portion of the ceramic bar can be held 

EXAMPLE 

An electrically heated catalyst device, in which the 
electrically heated metallic catalyst support shown in 
Fig 11(c) of the present invention was used, was 
attached to a position immediately below an exhaust 
manifold of an internal combustion engine, the engine 
displacement of which was 2000 cc. A heat cycle test 
was then carried out at an exhaust gas temperature of 
100 to 900°C, and the durability of the structure of the 
honeycomb body was tested and also a heating test in 
which electricity was turned on was conducted befoie 
and after the heat cycle test 

According to the example of the present invention, 
no telescoping was caused in the honeycomb body, and 
no damage was seen in the metallic foil and the local 
joining portion forming trie electric current passage. 
According to the conventional example, telescoping 
occurred in the honeycomb body and the metallic foil 
was damaged at the completion of 100 heat cycles, and 
the heating function to be accomplished by supplying 
electricity was lost 

In this example, the ceramic bars were arranged as 
shown in Fig. 13(b) so as to support the honeycomb 
body. In this example, the ceramic bars were made of a 
ceramic of silicon nitride, and the section of each 
ceramic bar of examples was 1.5 to 3 mm square. The 
ring-shaped holding member was made of stainless 
steel of ferrite, and the thickness was 1 .5 mm. This ring- 
shaped holding member was welded to the external 
metallic cylinder. In the conventional example shown 
here, there no ceramic bars were provided. 

Executing Conditions 

(These conditions were common among the example of 
the invention and the conventional example.) 

Honeycomb body (Electrically heated catalyst sup- 
port) 

Outer diameter 90 mm 

Central electrode (made of ferritic stainless steel) 
Diameter: 8 mm 

Corrugated foil (made of ferritic stainless steel) 

Width ; 20 mm 

Thickness 0 05 mrn 

Wave height 125 mm 

Wave pitch: 2.5 mm 

Flat foil (made of ferritic stainless steel) 

Width 20 mm 
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Thickness 0 05 mm 

External cylinder (casing) 

Material ferritic stainless steel 

Thickness 1.5 mm 

Inner diameter 90 mm 



A device for purifying exhaust gas according to 
claim 1, wherein the plurality of ceramic bars are 
arranged symmetrically with respect to a center of 
the end surface of the electrically heated catalyst 
support and also arranged in such a manner that 
they pass between the center of the end surface 
and the external metallic cylinder 



Industrial Possibility 

In the present invention, the honeycomb body sup- 
porting member is formed from an electrically insulated 
ceramic bar. Therefore, when electricity is supplied in 
the honeycomb body, no electric current flows to the 
ceramic bar, so that the generation of heat in the electric 
current passage of the honeycomb body is not 
obstructed. 

The ceramic bar is held by the reinforcing layer 
formed in the honeycomb body. Although the ceramic 
bar comes into contact with the honeycomb body, it is 
held by the outer circumferential layer of the honeycomb 
body, and further it is held by the reinforcing layer, if nec- 
essary. Alternatively, the ceramic bar is held by the ring- 
shaped holding member which is joined to the externa) 
metallic cylinder. That is, the ceramic bar is not joined to 
the external metallic cylinder, the honeycomb body and 
the electrode. Accordingly, it is possible to compose a 
honeycomb body holding structure flexible with respect 
to thermal expansion. There is no possibility that the 
thus composed honeycomb body holding structure is 
damaged by the influence of a difference of thermal 
expansion. 

As described above, according to the present 
invention, telescoping of the honeycomb body can be 
positively prevented, and the durability of the electrically 
heated catalyst support can be enhanced, so that the 
function of the catalyst support can be stably main- 
tained over a long period of time. Accordingly, the utility 
value of the present invention is great in the industry. 

Claims 

1. A device for purifying exhaust gas of an internal 
combustion engine provided with an electrically 
heated catalyst device comprising: a catalyst sup- 
port composed of a columnar honeycomb body in 
which a sheet of metallic flat foil and a sheet of 
metallic corrugated foil are put on each other; an 
external metallic cylinder accommodating the cata- 
lyst support; an electric current passage formed at 
least in a portion of the catalyst support to generate 
heat by supplying electricity a plurality of electri- 
cally insulated ceramic bars arranged on an end 
face of the electrically heated catalyst support on 
the downstream side of exhaust gas flowing in the 
electrically heated catalyst support, wherein both 
end portions of the ceramic bars are held at the 
outer circumferential portions of the electrically 
heated catalyst support 



3. A device for purifying exhaust gas according to 
^ claim 1, wherein the plurality of ceramic bars are 

arranged on the end surface of the electrically 
heated catalyst support radially with respect to the 
center 

15 4. A device for purifying exhaust gas according to 
claim 1, wherein both end portions of the ceramic 
bars are held by a ring-shaped holding member 
joined to the external metallic cylinder 

20 5. A device for purifying exhaust gas according to 
claim 4, wherein a holding section of the ring- 
shaped holding member is formed to a cylindrical 
shape protruding to the inside of the ring-shaped 
holding member 

25 

6. A device for purifying exhaust gas according to 
claim 4, wherein a holding section of the ring- 
shaped holding member is formed to a gutter- 
shape protruding into the inside of the ring-shaped 

30 holding member. 

7. A device for purifying exhaust gas according to 
claim 4, wherein a flange section is formed on the 
entire circumference of the end portion of the ring- 

35 shaped holding member on the exhaust gas entry 
side by bending the end portion of the ring-shaped 
holding member to the inside of the holding mem- 
ber, and the flange section is recessed to form a 
gutter-shaped holding section. 

40 

8. A device for purifying exhaust gas according to 
claim 4, wherein the holding section of the ring- 
shaped holding member is composed of a cylindri- 
cal member protruding to the inside of the ring- 

45 shaped holding member, and an elastic member is 
put on the cylindrical holding section. 

9. A device for purifying exhaust gas according to 
claim 4, wherein the holding section of the ring- 

sc shaped fixing member is composed of a gutter- 
shaped member formed inside the ring-shaped 
holding member, and an elastic member is put on 
the gutter -shaped section 

55 10. A device for purifying exhaust gas according to 
claim 4 ; wherein the cylindrical or the gutter -shaped 
holding member protruding to the inside of the ring- 
shaped holding member includes an elastic mem- 
ber, the outer diameter of which is larger than an 
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inner diameter of the holding member, the inner 
diameter of which is smaller than an outer diameter 
of the ceramic bar. while the elastic member is 
arranged between the holding member and the 
ceramic bar in a compressed condition 

11. A device for purifying exhaust gas according to 
claim 4. wherein the holding section of the ring- 
shaped holding member is composed of a gutter- 
shaped member protruding to the inside of the ring- w- 
shaped holding member, and the gutter -shaped 
member includes a flange section at the end so as 

to prevent the ceramic bar from being discon- 
nected 

12. A device foi purifying exhaust gas accoiding to 
claim 4, wherein the holding section of the ring- 
shaped holding member is composed of an engag- 
ing groove 

20 

13. A device for purifying exhaust gas according to 
claim 4, wherein an engaging groove to hold the 
ceramic bar is formed in a recess arranged in the 
entire width of the ring-shaped holding member 
toward the inside 25 

14. A device for purifying exhaust gas according to 
claim 1, wherein an electrode section is arranged 
on an outer circumferential surface of the external 
metallic cylinder close to an end surface of the elec- 30 
trically heated catalyst support on the upstream 
side of exhaust gas, and an electricity introducing 
section to connect the central electrode by a lead 
wire is arranged in the external metallic cylinder 
close to an end surface of the electrically heated 35 
catalyst support on the upstream side of exhaust 
gas, and a main catalyst support is arranged close 

to an end surface of the electrically heated catalyst 
support on the downstream side of exhaust gas. 

40 

15. A device for purifying exhaust gas according to 
claim 14, wherein a clearance between the end sur- 
face of the electrically heated catalyst support on 
the downstream side of exhaust gas and the end 
surface of the main catalyst support on the <tc 
upstream side o* exhaust gas is set in a range from 

1 to 50 mm 

16. A device for purifying exhaust gas according to 
claim 4. wherein an end edge of the ring-shaped sc- 
holding member on the downstream side of 
exhaust gas is extended so as to form an external 
metallic cylinder of the main catalyst support 

17. A device for purifying exhaust gas according to 5- 
claim 4, wherein at least one layer on the outer cir- 
cumference of the electrically heated catalyst sup- 
port is joined to form an outer circumference 
reinforcing layer, and both end portions of the 



ceramic bar are held on the outer circumference 
reinforcing layer so that the ceramic bar can be 
made to cross a non-reinforcing layer of the catalyst 
support 

18. A device for purifying exhaust gas according to one 
of claims 1 to 3, wherein both end portions of the 
ceramic bar are held by a pin fixed to a portion of 
the electrically heated catalyst support close to the 
outer circumference. 

19. A device for purifying exhaust gas according to one 
of claims 1 to 3, wherein at least one joining rein- 
forcing layer is formed on the outer circumference 
of the electrically heated catalyst suppoit, and both 
end portions of the ceramic bai are held by the pin 
fixed onto the outer circumference reinforcing layer 

20. A device for purifying exhaust gas according to one 
of claims 1 to 3, wher'ein at least one joining rein- 
forcing layer is formed on the outer and the inner 
circumference of the electrically heated catalyst 
support, and the ceramic bar is arranged between 
the outer and the inner circumference reinforcing 
layer, and both end portions of the ceramic bar are 
held by the pin fixed onto each reinforcing layer. 

21. A device for purifying exhaust gas according to 
claim 1, wherein recesses or through-holes are 
formed at both end portions of the ceramic bar on 
the downstream side of exhaust gas, and pins are 
inserted into the electrically heated catalyst support 
through the recesses or through-holes so as to be 
fixed to the electrically heated catalyst support, and 
the main catalyst support is arranged at a position 
so that an end surface of the main catalyst support 
on the upstream side of exhaust gas can be con- 
tacted with a surface of the ceramic bar on the 
downstream side of exhaust gas. 

22. A device for purifying exhaust gas according to 
claim 1, wherein recesses or through-holes are 
formed at both end portions of the ceramic bar on 
the upstream side of exhaust gas, and pins are 
inserted into the main catalyst support through the 
recesses or through-holes so as to be fixed to the 
main catalyst support, and the electrically heated 
catalyst support is arranged at a position so that an 
end surface of the electrically heated catalyst sup- 
port on the downstream side of exhaust gas can be 
contacted with a surface of the ceramic bar on the 
upstream side of exhaust gas 

23. A device for purifying exhaust gas according to 
claim 21 or 22, wherein the pin inserted into the 
recess of the ceramic bar is formed into a U-shape. 

24. A device for purifying exhaust gas according to 
claim 21 or 22, wherein the pin inserted into the 
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through-hole of the ceramic bar is formed to be lin- 
ear 

25. A device for purifying exhaust gas according to 
claim 21 or 22, wherein an inner surface of the ' 
external metallic cylinder of the electrically heated 
catalyst support is arranged coming into contact 
with an external surface of the external metallic cyl- 
inder of the mam catalyst support 

26. A device for purifying exhaust gas according to 
claim 21 or 22, wherein an outer surface of the 
external metallic cylinder of the electrically heated 
catalyst support is arranged to come into contact 
with an internal surface of the external metallic cyl- if- 
indei of the main catalyst support 

27. A device for purifying exhaust gas according to 
claim 1 , wherein the ceramic bar is made of a mate 

rial, the principal component of which is silicon 20 
nitride or alumina 

28. A device for purifying exhaust gas according to 
claim 1 , wherein a central electrode is arranged at 

the center of the electrically heated catalyst sup- 25 
port, and an end portion of the honeycomb body 
located close to the center is joined to the central 
electrode. 

29. A device for purifying exhaust gas according to 30 
claim 1 , wherein a central electrode is arranged at 

the center of the electrically heated catalyst sup- 
port, and an end portion of the honeycomb body, 
formed by winding a metallic laminated layer spi- 
rally, is joined to the central electrode. 35 
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Fig. 1(a) 
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Fig. 3(a) 
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Fig. 5(a) 




Fig. 5(b) 
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Fig. 7 
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Fig. 8(a) 
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Fig.10(a) 
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